The SEHRS spectrum of ' 4 , 4 -Bipyridine is analyzed on the base of the Dipole-Quadrupole theory. It is demonstrated that there appear strong lines caused by vibrations transforming after a unit irreducible representation of the 2 D symmetry group, which is most probably describe the symmetry properties of the molecule. These lines are nearly forbidden for the molecule, adsorbed on rough metal surfaces. Appearance of these lines is associated with a strong quadrupole light -molecule interaction, which exists in this system. In addition, there are lines caused by contributions from both the vibrations transforming after the unit irreducible representation A and the representation 1 B , which describe transformational properties of the z d component of the dipole moment, which is perpendicular to the surface. This result is associated with the specific geometry of the molecule, when the indicated vibrations can be nearly degenerated and cannot be resolved by the SEHRS spectra analysis. Analysis of the SEHRS spectra for the possible geometry of the molecule with the h D 2 symmetry group leads to similar results. This issue is in a full coincidence with the results of the SEHRS Dipole-Quadrupole theory.
Introduction
Surface Enhanced Optical processes are of great interest, since these processes can be a powerful tool for scientific investigations and are applicable in physics, chemistry and biology.
Usually one explains these phenomena by the hypothesis of surface plasmons and a chemical enhancement. However, these approaches do not explain appearance of forbidden lines, which are observed in the spectra of all these processes in molecules with sufficiently high symmetry.
This difficulty is overcome in the Dipole-Quadrupole theory, which explains appearance of these lines naturally due to existence of a strong quadrupole light -molecule interaction, arising due to strongly inhomogeneous fields, which exist near a rough metal surface 1 . In SEHRS the forbidden lines associated with the totally symmetric vibrations, transforming after the unit irreducible representation were observed in pyrazine and phenazine. In addition, such lines must be observed in other symmetric molecules with sufficiently high symmetry that follows from the results of the Dipole-Quadrupole SEHRS theory 2 . However, there are no experimental data on the SEHRS spectra of other symmetric molecules, which could confirm appearance of this type of forbidden lines. In this work we present theoretical interpretation of the SEHRS spectrum of ' 4 , 4 -Bipyridine, observed in 3 3 . This unique situation strongly differs from the one for pyrazine and phenazine and is associated with a specific geometry of the molecule, which consists of two weekly interacting benzene rings and, therefore, there may exist two nearly degenerated symmetric and antisymmetric vibrational states with very close frequencies.
Main relations of the Dipole-Quadrupole SEHRS theory
The Dipole-Quadrupole SEHRS theory was published in 2 . In addition, there is the Dipole-Quadrupole theory of SEIRA and SERS, which is based on the same conceptions. The last one is published in the monograph 1 . Therefore, we expound here only some main topics of this theory and send the reader for detailed acquaintance to the above works.
In accordance with the Dipole-Quadrupole theory, there exists a strong quadrupole lightmolecule interaction arising in surface fields strongly varying in space near rough metal surface.
This interaction is associated with the quadrupole terms in the light -molecule interaction
Hamiltonian for the incident and scattered fields , which we will simply designate further as ) (
, obey selection rules )
, will be enhanced too but with a lesser degree than the previous two. However, this contribution can not be strong, but really is very week and must be close to zero since it is determined by tangential components of the electric field x E and y E , which are parallel to the surface and are nearly equal to zero because of a nearly ideal conductivity of the metal surface. This result is valid for the contributions from the molecules, which are adsorbed in the first layer. However it is well known that the molecules, adsorbed in the second and other layers enhance the SEHRS signal significantly lower than those in the first layer (The first layer effect 8 ). Therefore, the above contribution is determined mainly by the scattering from the first layer and must be very week. However, the contribution ) ( 
